10 



TITLE OF THE INVENTION 

Stereoscopic Image Display Device without Glasses 

BACKGROUND OF THE INVENTION 
Field of the Invention 

This invention relates to a stereoscopic image display device 
capable of tracking a head position of a viewer and ensuring 
perception of a stereoscopic image by the viewer without using 
special glasses. 

Description of the Prior Art 

A parallax barrier system and a lenticular lens^system are well 
known as methods for displaying a stereoscopic image without 
special glasses. When these systems are .used for structuring a 
stereoscopic image display device without glasses, the display 
device is generally structured so ais to be a two-eye system 
because of limited resolution o^/a liquid crystal panel. The 
device of the two-eye system displays an image for a right eye 
and an image for a left eye ^]^^very alternate vertical line on a 
20 liquid crystal display panel 200 as shown in Fig. 1. A 
lenticular lens and a^/parallax barrier (not shown) are 
structured so that a viewer 2 in an optimum viewing position D 
can observe an image /or a right eye and an image for a left eye 
alternately with a pi/ch of an interval between pupils E. 
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In Fig. 1, R, Rl, R2, R3, R4 are areas for perceiving an image 
for a right eye, and L, LI, L2, L3* - are areas for perceiving an 
image for a left eye. When a right eye of the viewer is in the 
area for perceiving an image for a right eye and a left eye of the 
viewer is in the area for perceiving an image for a left eye, the 
viewer can percept a stereoscopic image. An image from a 
whole surface of a screen corresponding to an eye is focused in 
the area for perceiving an image in each of the eyes. Thus, as 
shown in Fig. 3, taken the R2 area in exact front of the screen 
as an example, a position shifted in back and forth directions a 
little in the R2 area can be the area for perceiving an image. 
The image for a right eye reaches from the whole screen to a 
square shaped area G, and thus the viewer can observe the 
image for a right eye even when being in a position of an upper 
or lower end of the square shaped area G. Light passing 
through the R2 area reaches only in a shaded area of the figure. 

In accordance with the above principle, areas for perceiving an 
image for right and left eyes are indicated as square shaped 
(shaded) areas shown in Fig. 4. Therefore, as shown in Fig. 5, 
when the right eye of the viewer 2 is in the square area for 
perceiving a right eye image and the left eye of the viewer 2 is 
in the square area for perceiving a left eye image, the viewer 2 
can perceive a stereoscopic image. On the contrary, when the 



eyes of the viewer are not in the above areas, the viewer can 
not perceive a stereoscopic image. 

As a method for enlarging an area for perceiving a stereoscopic 
5 image, as disclosed in JP 9-152668, A (IPC: G03B 35/00), an 
image for a right eye and an image for a left eye displayed on 
the liquid crystal display panel 200 are replaced when a 
position of the viewer 2 is detected and it is found that the 
viewer 2 is in a reverse view area where the image for a left eye 

n 10 is in the right eye of the viewer and the image for a right eye is 

fi 

;Q in the left eye of the viewer. In JP 9-197344 A (IPC:. G02B 

27/22), a liquid crystal panel or the like is used wherein a 
shading barrier or a parallax barrier having an aperture of an 
aperture shape arranged between the liquid crystal display 
15 panel and a backlight shifts by a 1/4 pitch of a pitch of the 
shading barrier or the parallax barrier (barrier shifting). In 
this structure, the square areas shown in Fig. 4 shift by E/4 
and each image can be observed in an outline square area, as 
shown in Fig, 6. That is, the areas for perceiving a right eye 
20 image R, Rl, R2, R3, R4- - become R', Rl', R2', R3', R4'- - and 
the areas for perceiving a left eye image L, LI, L2, L3*" become 
L\ Ll\ L2\ L3'"- 

Thus, a stereoscopic image can be supplied on a boundary area 
25 of the right eye image and the left eye image in back and forth 
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directions before barrier shifting. The right eye image and the 
left eye image can be observed and an area for perceiving a 
stereoscopic image is enlarged in any positions of the shaded 
square areas and the outline square areas in Fig. 6 by 
optimally controlling replacement of the right eye image and 
the left eye image displayed on the liquid crystal display panel 
200 and shifting of the barrier and the shading plate. 

In the above structure, however, stereoscopic view is not 
ensured when the viewer shifts a great distance backward as 
shown in Fig. 7. In Fig. 8, a left eye image passing through LI 
from an area 2 of a liquid crystal display panel 200, a right eye 
image through R2 from the area B, and a left eye image 
through L2 from the area C are perceived by a right eye of the 
viewer 2, thus the viewer perceiveC^^a^^moire" on a boundary of 
the areas A, B, and C on a display surface. This is equivalent 
to a boundary between the areas LI, R2, and L2. Therefore, 
when the viewer 2 shifts a great distance in back and forth 
directions from a position capable of viewing a stereoscopic 
image, the viewer 2 perceives both of the right eye image and 
the left eye image, and stereoscopic view is not ensured. 



Summary of the Invention 

This invention was maide to provide a stereoscopic image 
display device without glasses capable of ensuring stereoscopic 



view in a position apart from an optim^um viewing position with 
a great distance in back and forth dil^ctions. 

A stereoscopic image display devi^ without glasses according 
5 to this invention comprises im^-ge display means for displaying 
a left eye image and a rig-ht eye image in alternate stripe 
shapes, shading means for/shifting a position of a shading part 
for generating binoc^ar parallax effect, and a sensor for 
detecting a head posmion of a viewer. The stereoscopic image 
10 display device includes area shifting and division control 
means for divid^^ng the shading means into areas in a 
horizontal direction and controlling shifting of a shading part 
in each of the Areas. 

15 The shading means is so structured that a position of the 
shading part shifts by 1/4 pitch of a pitch of the shading part. 



When a right eye image passes between the shading parts 
normally arranged from one of the two areas and a right eye 

20 image passes between the shading part normally arranged from 
the other of the two areas, the right eye image is supplied to a 
right eye of the viewer in the optimum viewing position. On the 
other hand, a right eye image passes between the shading parts 
arranged by shifting by 1/4 pitch from one of the two areas 

25 and a right eye image passes between shading parts arranged 
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normally from the other of the two areas, the right eye image is 
supplied in a position shifted in back and forth directions from 
the optimum viewing position. Therefore, when a head of the 
viewer shifts, an right eye image is supplied to a shifted right 
5 eye of the viewer by controlling shifting of the shading part and 
a left eye image is supplied to a left eye of the viewer. 
Therefore, the viewer can perceive a stereoscopic image. 

Display control means for dividing a display part of the image 
10 display means into areas by corresponding to division of the 
shading means into the areas and controlling a display order of 
the left eye image and the right eye image in stripe shapes in 
each of the areas depending on a head position of the viewer 
may be provided. 
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When a right eye image is outputted from a position for 
outputting a left eye image originally in one of the areas and 
the right eye image passes between the shading parts normally 
arranged, and a right eye image passes between the shading 

20 parts shifted by 1/4 pitch from the other area, an area for 
supplying the right eye image shifts in back or forth direction 
from the optimum viewing position. Therefore, when a head of 
the viewer shifts, such the shifting control of the shading part 
and the display control of image display means ensures supply 

25 of the right eye image to the right eye of the viewer, and at that 
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time a left eye image is supplied to the left eye of the viewer. 
Thus, the viewer can perceive a stereoscopic image. 

The image display means may comprise a liquid crystal display 
5 panel, and the shading means may be a shading barrier 
arranged between the liquid crystal display panel and a light 
source for emitting light in a flat shape arranged on a back 
side of the liquid crystal display panel. The shading means may 
be a parallax barrier arranged on a light emission side of the 
10 image display means. The shading means may comprises a 
liquid crystal panel. The number of divided areas may increase 
as the head position of the viewer is apart from an optimum 
viewing position. Division into areas may be uniformly provided. 
Control of each of the area may be provided so as to supply an 
15 y^lmage for a dominant eye to the dominant eye of the viewer. 
The shading part of the shading means may be structured so 
that the shading part disappears in an optional area so as to 
display a two-dimensional image on a display area 
corresponding to the optional area without the shading part. 
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The shading means comprise^^^^a^ontinuous shading part and a 
liquid crystal shutter part for turning on and off the shading 
part provided on both sides of the continuous shading part. 

I 
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An aperture ratio equivalent to a boundary part of divided 
areas of the shading means may be controlled to be 
approximately uniform, 

A liquid crystal shutter provided on - both sides of the 
continuous shading part sandwiching the aperture part which 

\ 

is equivalent to the bou'ndary part is wired so as to be in a 
same group of a liquid crystal shutter in an other adjacent 
area so that the aperture ratio is approximately uniform. 

Luminescent lines and black lines are prevented by controlling 
so as not to change the opening ratio on the boundary part. 

The foregoing and other objects, features, aspects and 
advantages of the present invention will become more apparent 
from the following detailed description of the present invention 
when collected conjunction with the accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is an explanatory view illustrating a distance between 
pupils of a viewer and an optimum viewing position from a 
liquid crystal display panel; 

Fig. 2 is an explanatory view illustrating a viewer in the 
optimum viewing position; 
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Fig. 3 is an explanatory view illustrating a square area capable 
of reaching a right eye image from a whole display surface and 
an optical path for passing through the R2 area from the whole 
surface of the liquid crystal display panel; 

Fig. 4 is an explanatory view illustrating an area capable of 

viewing a right eye image or a left eye image perfectly from a 

whole surface of the liquid crystal display panel; 

Fig. 5 is an explanatory view illustrating the viewer away from 

the optimum viewing position a little perceives a stereoscopic 

image; 

Fig. 6 is an explanatory view illustrating an area capable of 
viewing a right eye image and a left eye image when a shading 
part is shifted by 1/4 pitch; 

Fig. 7 is an explanatory view illustrating that the viewer away 
from the optimum viewing position can not perceive a 
stereoscopic image; 

Fig. 8 is an explanatory view illustrating an image perceived 
with the right eye of the viewer in Fig. 7; 

Fig. 9 is a perspective view illustp^^ing a stereoscopic image 
display device without glasses^^cording to the embodiment of 
the present invention and a^iewer; 

Fig. 10 is an explanatory view illustrating an area capable of 
perceiving a perfect right eye image from a whole display 
surface when the display surface with the shading means is 
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divided into three areas and an optimum control corresponding 
to a position of the viewer is conducted; 

Fig. 1 1 is an explanatory view illustrating an area capable of 
perceiving a perfect left eye image from a whole display surface 
when the display surface with the shading means is divided 
into three areas and an optimum control corresponding to a 
position of the viewer is conducted; 

Fig. 12 is a schematic cross sectional view illustrating a 
structure of the stereoscopic image display device according to 
the invention; 

Fig. 13 is a cross sectional view illustrating one example of a 
shading barrier used in the invention; 

Fig. 14 is a block diaepdm illustrating a structure of the 
stereoscopic image d^s^ay device without glasses according to 
the embodiment;/^ 

Fig. 15 is an explanatory view illustrating an area capable of 
perceiving perfect right eye and left eye images from a whole 
display surface when the display surface with the shading 
means is divided into two areas and an optimum control 
corresponding to the viewer shifting backward from the 
optimum viewing position is conducted; 

Fig. 16 is an explanatory view illustrating an outline polygon of 
a bold line indicating an area capable of perceiving a right eye 
image simultaneously from the two areas of Fig. 15; 
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Fig. 17 is an explanatory view illustrating an area capable of 
perceiving perfect right eye and left eye images from a whole 
display surface when the display surface with the shading 
means is divided into two areas and an optimum control 
corresponding to the viewer shifting forward from the optimum 
viewing position is conducted; 

Fig. 18 is an explanatory view illustrating an outline polygon of 
a bold line indicating an area capable of perceiving a right eye 
image simultaneously from the two areas of Fig. 17; 
Fig. 19 is an explanatory view illustrating a gray area 
combining an area capable of perceiving a right eye image of 
Fig. 16 and an area capable of perceiving a right eye image of 
Fig. 18; 

Fig. 20 is an explanatory view illustrating PI for example as an 
area for conducting normal control (the display surface is not 
divided) in Fig. 19; 

Fig. 21 is an explanatory view illustrating an area capable of 
perceiving perfect right eye and left eye images from a whole 
display surface when the display surface with the shading 
means is divided into three areas and an optimum control 
corresponding to the viewer shifting backward from the 
optimum viewing position is conducted; 

Fig. 22 is an explanatory view illustrating an outline polygon of 
a bold line indicating an area capable of perceiving a right eye 
image simultaneously from the three areas of Fig. 2 1; 



Fig. 23 is an explanatory view illustrating an area capable of 
perceiving perfect right eye and left eye images from a whole 
display surface when the display surface with the shading 
means is divided into three areas and an optimum control 
5 corresponding to the viewer shifting forward from the optimum 
viewing position is conducted; 

Fig. 24 is an explanatory view illustrating an outline polygon of 
a bold line indicating an area capable of perceiving a right eye 
image simultaneously from the three areas of Fig. 23; 

10 Fig. 25 is an explanatory view illustrating the area shown in 
Fig. 22 and the area shown in Fig. 24 are added into Fig. 19; 
Fig, 26 is an explanatory view illustrating an area capable of 
perceiving perfect right eye and left eye images from a whole 
display surface when the display surface with the shading 

15 means is divided into four areas and an optimum control 
corresponding to the viewer shifting backward from the 
optimum viewing position is conducted; 

Fig. 27 is an explanatory view illustrating that the display 
surface is divided into four areas and an area for supplying 
20 image is enlarged from the optimum viewing position backward 
and forward and an area capable of supplying the right eye 
image in Fig. 25 is added; 

Fig. 28 is a schematic view illustrating that the viewer watches 
a pixel on the liquid crystal panel through the aperture of the 
25 shading barrier from an optimum position; 




Fig. 29 is a schematic view illustrating that the viewer watches 
a pixel on the liquid crystal panel through an aperture of the 
shading barrier in a position closer than the optimum position; 
Fig. 30 is a schematic view illustrating a relation between the 
5 shading barrier and the pixel on the liquid crystal panel when 
the viewer shifts to the left in a position closer than the 
optimum position; 

Fig. 3 1 is a schematic view illustrating a relation between the 
shading barrier and the pixel on the liquid crystal panel when 
10 the viewer shifts to the left in a position farther than the 
optimum position; 

Fig. 32 is a perspective view illustrating a transparent 
electrode in a structure of a boundary part between the divided 
areas in the shading barrier 10 shown in Fig. 13; 
15 Fig. 33 is a structural view illustrating the transparent 
electrodes divided into groups shown in Fig. 32; 

Fig. 34 is a structural view illustrating grouping of the 
transparent electrodes of the shading barrier in this invention; 
Fig. 35 is a schematic view illustrating relation between the 
20 shading barrier and the pixel on the liquid crystal panel when 
the viewer shifts to the left in a position near the optimum 
position; 

Fig. 36 is a schematic view illustrating a relation between the 
shading barrier and the pixel on the liquid crystal panel when 
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the viewer shifts to the left in a position farther from the 
optimum position. 

Description of the Preferred Embodiment(s) 

Explanation is made on embodiments of the present invention 
by referring to Figs. 9-25. 



(Outline) 

A stereoscopic image disp?ay device without glasses according 
to the embodiment is sm-uctured so that a shading part of 
shading means for generating binocular parallax effect shifts 
by 1/4 of a pitch of th^ shading part as shown in JP9-197344, 
A. With this structure,jf^e shading means is divided into areas 
in a horizontal direct/on and the number of divided areas and 
whether or not the sMading parts are shifted by 1/4 of its pitch 
in each of the areas/are determined, and displaying of an image 
on a display area cprresponding to the above area is controlled. 

Fig. 9 illustrates the view'e^' 2 watching a stereoscopic display 
device 1 without glasses. Sensors 101 for detecting a head 
position of the viewer 2 are mounted on upper ends of the 
stereoscopic display devicle 1 without glasses. Figs. 10, 11 
illustrate a display la wit'^^hading means divided into three 
areas of HI, H2, and H3 when the sensors 101 detect the head 
of the viewer 2 shifts. When the shading means does not shift 
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by a 1/4 pitch, the right and left eyes images res^)^tively pass 
the areas R, L of "before shifting" in the figure. When the 
shading means shifts by a 1/4 pi^c'n, the right and left eye 
images respectively pass the ar'^s R', of "after shifting" in 
the figure. When replaci^ri^^arrangement of the right and left 
eye images, a left eye image passes through the R, R' areas for 
originally passirig the right eye image, and a right eye image 
passes thi-p<igh the L, L' areas for originally passing the left 
eye ima^e. 



In Fig. 10, a right eye image from the HI area passes through 
LI' and enters the right eye of the viewer 2, a right eye image 
form the H2 area passes through R2 and enters the right eye of 
the viewer 2, and a right eye image from the H3 area passes 

15 through R2' and enters the right eye of the viewer 2. Thus, the 
viewer 2 watches only the right eye image with the right eye. 
Fig. 11 illustrates the same control as in Fig. 10, where, the 
shading means shifts b y . a pitch and the right and left eye 

images are replaced. The left eye image from the HI area 

20 passes through R2' and enters the left eye of the viewer^A, the 
left eye image from the H2 area passes through L2 and enters 
the left eye of the viewer 2, and the left eye image from the H3 
area passes through L2' and enters the left eye of the viewer 2. 
Thus, the viewer 2 watches only the left eye image with the left 

25 eye. Such the control can ensure stereoscopic viewing even 
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when the head of the viewer 2 shifts backward from an 
optimum viewing position. 

The stereoscopic display device 1, as shown in Fig. 12, comprises 
5 a liquid crystal panel 20, a shading barrier 10 arranged on a 
viewer side of the liquid crystal panel 20, and a flat light source 
30. 

The shading barrier 10 is structured so that a part of the barrier 
10 can be turned on and off (appear and disappear), as described 
later. In the present embodiment, a TN (Twisted Nematic) -type 
liquid crystal display panel is used as the shading barrier 10. 

The liquid crystal display panel 20 comprises a glass substrate 
15 on a light incidence side 23, a glass substrate on a light emission 
side 24, a liquid crystal layer 25 provided between the substrates 
23 and 24, a polarizing plate on a light incidence side 26 which 
is attached to the glass substrate on a light incidence side 23, 
and a polarizing plate on a light emission side 27 which is 
20 attached to the glass substrate on a light emission side 24. The 
liquid crystal display panel 20 is driven by a matrix driving 
system, for example. A voltage is applied to a transparent pixel 
electrode (not shown) depending on an image signal so that an 
image is displayed on the liquid crystal display panel 20. Image 
25 signals supplied to the liquid crystal display panel 20 are 
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processed and a right eye image R and a left eye image L are 
alternately displayed every other vertical line. 

The shading barrier 10 of the TN-type liquid crystal display 
5 panel arranged on the light emission side of the liquid crystal 
panel 20 includes a liquid crystal layer 13 between two glass . 
substrates 11, 12 and a polarizing plate 14 on the light 
incidence side 14 on a side of the viewer 2. Further, the 
polarizing plate 27 of the liquid crystal display panel 20 for 

10 forming an image is also used as a polarizing plate on a light 
incidence side of the shading barrier 10. The shading barrier 
10 composed of the TN-type liquid crystal display panel is so 
constructed that a transparent electrode of ITO or the like is 
patterned on the inner surfaces of the glass substrates 11 and 

15 12, and the shading part of the barrier can be electrically 
turned on and off. Further, the shading barrier 10 has a 
function of shifting the shading part by 1/4 of its pitch. For 
example, in order to realize the function, the transparent 
electrode for turning the barrier on and off is subdivided to 

20 make the shifting of the shading part possible. The barrier is 
turned on so that one aperture corresponds to two pixels 
displayed on the liquid crystal display panel 20. Light passing 
through the liquid crystal display panel 20 is divided into light 
for a left eye and light for a right eye, so that the light for a 
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left eye and the light for a right eye respectively enter the left 
eye 2L and the right eye 2R of the viewer 2. 

Fig. 13 is a cross sectional view illustrating one example of a 
5 structure of the shading barrier 10 defined by the liquid crystal 
panel described above. The liquid crystal display panel is 
provided with the liquid crystal layer 13 arranged between the 
two glass substrates 11 and 12. The polarizing plates 14 and 16 
are respectively provided on the outer surfaces of the glass 

10 substrates 11 and 12. The polarizing plate on the side of the 
liquid crystal panel 20 for displaying images out of the two 
polarizing plates 14 and 16 can be used commonly with the 
polarizing plate of the liquid crystal display panel 20. The 
polarization pates 14, 16 are attached so that the polarization 

15 axes are orthogonal. In the figure, a polarizing plate is used 
commonly for the shading barrier and the liquid crystal display 
panel for image display 20. A transparent electrode 15 is formed 
over an inner surface of the glass substrate 12. The transparent 
electrode 15 comprises ITO, for example. 

20 

A continuous shading par^^^^Ob is formed with black pigment, 
areas lOal, 10a2 as shading parts only in a first state and 
areas lOcl, 10c2 as shading parts only in a second state are 
formed with transparent electrodes on an other glass substrate 
25 11. In an actual state, as shown in the figure, the transparent 
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electrodes and the continuous shading part are formed so as to 
superimpose with each other without a clearance. 

When a voltage is not applied to all the transparent electrodes, 
a polarization axis of the light selected by the polarizing plate 
422 is rotated by 90 in accordance with rotation of liquid 
crystals in the liquid crystal layer 13, and is emitted through 
the polarizing plate 14. At that time, light trying to be incident 
to the continuous shading part 10 is shaded. 



The pitch (Q) is formed so that/ a pair of the continuous 
shading part 10b and either yof the transparent electrodes 
I0al(10a2), 10cl(10c2) correspond to two pixels of the liquid 
crystal panel 20 in ovdey to ensure stereoscopic viewing 
15 without glasses when the/ shading part is on. Either of the 
transparent electrodes Ipal (10a2) or 10cl(10c2) for ensuring 
shifting of the shading/part is turned on by corresponding to 
^ the position of th©v/viewer 2. A width of the transparent 
electrodes lOal (lOa/Z) and 10cl(10c2) is formed so that a part 
20 not superimposing/ with the continuous shading part 10b is 
Q/4. Therefore, the shifting of the shading part by Q/4 is 
ensured by swit9hing the ON/OFF of the transparent electrod^^^ 
The liquid crystal shutter comprises the transparent electrodes 
lOal (10a2) ai/d 10cl(10c2). 

25 
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(Explanation on detailed embodiment) 
Fig. 14 is a block diagram illusti:^rurig a structure of the 
stereoscopic image display d^^vixe without glasses. In this block 
diagram, the devicejt^^ording to the invention is applied to 
color display^^^x^^^ 

Output from the sensor 101 for detecting a position of the 
viewer 2 is fed to a position sensing and controlling circuit 102, 
the position sensing and controlling circuit 102 detects a head 
position of the viewer 2 on the basis of the output from the 
sensor 101, and feeds a control signal corresponding to the 
position to a display signal generation circuit 100 and a 
shading barrier dividing control circuit 115. 

The display signal generating circuit 100 generates an image 
signal for a left eye and an image signal for a right eye and 
supplies them to the liquid crystal display panel 20. A right 
eye image and a left eye image are displayed in every alternate 
vertical line on the liquid crystal display panel 20. As basic 
operation, the display signal generating circuit 100 switches 
supply of an image signal for a left eye and an image signal for 
a right eye on the basis of a control signal from the position 
sensing and controlling circuit 102. In addition, the display 
signal generating circuit 100 determines the number of display 
division on the basis of the control signal and controls 
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switching between the image signal for a left eye and the image 
signal for a right eye in each of the divided areas. 

Explanation is made on a concrete structure of the display 
5 signal generating circuit 100. An image signal for a left eye 
which is a composite signal containing a brightness signal Y 
and a color-difference signal C is fed to a first input terminal 
106a, and an image signal for a right eye which is a composite 
signal containing a brightness signal Y and a color-difference 

10 signal C is fed to a second input terminal 106b. The image 
signal for a left eye is converted into primary color signals of 
red, green, and blue by a first decoder 107a, and the image 
signal for a right eye is converted into primary color signals of 
red, green, and blue by a second decoder 107b. Each of the 

15 primary color signals is converted into digital data by first and 
second A/D converters 108a, 108b and is fed to a multiplexer 
109, 

The multiplexer 109 comprises a first switch part 109a for 
20 selecting either of two. red primary color data inputted from the 
first and second A/D converters 108a, 108b, a second switch 
part 109b for selecting either of two green primary color data 
inputted from the first and second A/D converters 108a, 108b, 
and a third switch part 109c for selecting either of two blue 
25 primary color data inputted from the first and second A/D 
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converters 108a, 108b. The multiplexer 109 switches between 
the following first and second selection states. In the first 
selection state (shown with a full line), the first switch 109a 
selects the red primary color data for a right eye from the 
5 second A/D converter 108b, the second switch 109b selects the 
green primary color data from the first A/D converter 108a, 
and the third switch 109c selects the blue primary color data 
for a right eye from the first A/D converter 108b. In the second 
Q selection state (shown with a broken line), the first switch 

i;n 10 109a selects the red primary color data for a left eye from the 
ffl first A/D converter 108a, the second switch part 109b selects 

ry 

the green primary color data for a right eye from the second 
A/D converter 108b, and the third switch part 109c selects the 
blue primary color data for a right eye from the second A/D 
15 converter 108a. The first and second selection states are 
basically switched every first and second data output period 
within one horizontal scanning period on the liquid crystal 
display panel 20 (every one dot clock). 



20 A synchronizing signal separation circuit 111 separates 
horizontal and vertical synchronizing signals from the left eye 
signal inputted to the first input terminal 106a, and feeds the 
synchronizing signal to a timing signal generating circuit 112. 
The timing signal generating circuit 112 generates a timing 

25 signal for controlling timing for operating the first and second 
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decoders 107a, 107b, the first and second A/D converters 108a, 
108b, the multiplexer 109, and the liquid crystal display panel 
20. 

ding barrier dividing control circuit 115 controls ON/OFF 
of the liquid crystal shutter part of the shading barrier 10, and 
controls positions of the shading part and a light transmitting 
part of the shading barrier 10. The shading barrier 10 
comprises the light transmitting part and the shading part of 
10 vertical strip shapes. In this embodiment, a parallax barrier 
arranged between the liquid crystal display panel 20 and the 
viewer 2 is used. It may be possible to use a structure for 
arranging the parallax barrier between the liquid crystal 
display panel 20 and a light source (not shown) for emitting 
15 light in a flat shape. A pitch of the shading part of the shading 
panel 10 is determined by a pixel pitch of the liquid crystal 
display panel 20 to be used. A width of the liquid crystal 
shutter part is the above described 1/4 pitch so that the light 
transmitting part and the shading part of the shading barrier 
20 10 shift by a 1/4 of a pitch of the shading part. 



The position sensing and controlling circuit 102 outputs a first 
control signal to the timing generation circuit 112 and the 
shading barrier division control circuit 115 when the head 
25 position of the viewer 2 is in a normal view area of the liquid 
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crystal display panel 20, and outputs a second control signal 
to the timing generation circuit 112 and the shading barrier 
division control circuit 115 when the head position of the 
viewer 2 is in a reverse view area of the liquid crystal display 
panel 20 (the viewer watches a left eye image with the right eye 
and watches a right eye image with the left eye), and outputs a 
third control signal to the timing generation circuit 112 and 
the shading barrier division control circuit 115 when the head 
position of the viewer 2 is in an area shifting by approximately 
E/4 to 3E/4 (a moire area). 

Further, the position sensing and controlling circuit 102 
outputs a fourth control signal to the timing generation circuit 
112 and the shading barrier division control circuit 115 when 
the head position of the viewer 2 is out of the optimum 
positions in back and forth directions by more than a 
predetermined distance. The fourth control signal differs 
depending on whether the head position of the viewer 2 is 
shifted in a back or forth direction from the optimum positions 
and a shifting amount (a distance from the optimum positions). 
On the basis of the differences, a combination of the number of 
area division, whether or not the shading part of each of the 
areas shifts by 1/4 pitch, whether or not the order of display 
of a right eye image and a left eye image in each of the areas 
switches. Regarding this, detailed explanation is made later. 



When the viewer 2 is in a normal view area and the first 
control signal is fed to the timing generation circuit 112, the 
timing generation circuit 112 switches between the first 
5 selection state and the second selection state of the 
multiplexer 109 so as to form pixel arrangement for a normal 
view area on the liquid crystal display panel 20, That is, an 
image of such as a first red pixel (a right eye image), a first 
green pixel (a left eye image), a first blue pixel (a right eye 

10 image), a second red pixel (a left eye image), a second green 
pixel (a right eye image), a second blue pixel (a left eye image), 
and a third red pixel (a right eye image) •* is formed. When the 
first control signal is fed to the shading barrier division 
control circuit 115, the shading barrier division control circuit 

15 115 feeds a liquid crystal shutter ON/OFF control signal to the 
shading barrier 10 so as to form the light transmitting part 
and the shading part for the normal view area on the shading 
barrier 10. 



20 When the viewer 2 is in a reverse view area and the second 
control signal is fed to the timing generation circuit 112, the 
timing generation circuit 112 switches between the first 
selection state and the second selection state of the 
multiplexer 109 so as to form pixel arrangement for a reverse 

25 view area on the liquid crystal display panel 20. That is, an 
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image of such as a first red pixel (a left eye image), a first 
green pixel (a right eye image), a first blue pixel (a left eye 
image), a second red pixel (a right eye image), a second green 
pixel (a left eye image), a second blue pixel (a right eye image), 
5 a third red pixel (a left eye image) is formed. Positions of the 
light transmitting part and the shading part of the shading 
barrier 10 are set to be the same as the normal view area. 
Change of image display as above is referred as "left and right 
Q image switch" . 

■iLJ 

i| 10 

When the viewer 2 is in an area shifted by approximately E/4- 
3E/4 from a normal view area (a moire area) and the third 
:U control signal is fed to the timing generation circuit 112, the 

timing generation circuit 112 switches the first selection state 

15 and the second selection state of the multiplexer 109 so as to 
form pixel arrangement of the same as for the normal view (for 
example, the viewer 2 shifts in a right direction of the figure) 
or as for the reverse view on the liquid crystal display panel 20 
(for example, the viewer 2 shifts in a left direction of the 

2Qn figure). When the third control signal is fed to the shading 
\ barrier division control circuit 115, the shading barrier 
division control circuit 115 feeds a liquid crystal shutter 
ON/OFF control signal to the shading barrier 10 so that the 
shading part of the shading barrier 10 shifts in an opposite 

25 direction to the direction of the viewer 2 shifting by 1/4 pitch 



2 6 




of a distance the shading part shifts from the normal view area. 
Shifting of the shading part by 1/4 pitch is referred to 
"barrier shifting** . 

5 Explanation is made on a case where the viewer 2 is out of the 
optimum viewing position in a back or forth direction and a 
fourth control signal is outputted to the timing generating 
circuit 112 and the shading barrier division control circuit 115. 
When the fourth control signal is outputted, the shading 

10 barrier 10 is divided into areas in a horizontal direction and 
execution or non-execution of barrier shifting is set in each of 
the areas. The shading barrier division control circuit 115 
conducts control of the setting. The liquid crystal display panel 
20 is divided into areas corresponding to the above areas, and 

15 whether or not replacing left and right images is set in each of 
the areas. The timing generation circuit 112 conducts control 
of the setting. Combination (controlling) of whether executing 
the left and right image replacing and whether executing the 
barrier shifting is conducted in accordance with tables 1-4 

20 described later. 

[Dividing a liquid crystal display panel into two areas] 
(A head position of the viewer 2 is out of an optimum viewing 
position backward) 
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Fig. 15 illustrates that the barrier is not shifted in the HI area 
of the display la with the shading means, the barrier is shifted 
in the H2 area, and the left and right images are not replaced 
in both of the areas. In this case, a right eye image passing 
5 through Rl from the HI area is perceived in a square indicated 
with a bold line on. the left side of the figure, and a right eye 
image passing through Rl' from the H2 area is perceived in a 
square indicated with a broken bold line on a left side of the 
figure. Therefore, a right eye image is perceivable 

10 simultaneously from both the HI and H2 areas in a shaded 
area indicated in the figure. A left eye image passing through 
LI from the HI area is perceived in a square indicated with a 
bold line on the right side of the figure, and a left eye image 
passing through LI.' from the H2 area is perceived in a square 

15 indicated with a broken bold line on a right side of the figure. 
Therefore, a left eye image is perceivable simultaneously from 
both the HI and H2 areas in a check area indicated in the 
figure. 

20 Fig. 16 illustrates an area capable of perceiving a right eye 
image from the HI area and the H2 area simultaneously 
indicated with an outline polygon of a bold line. An area 
referred as (5) in the figure is formed when the barrier is not 
shifted in the HI area, is shifted in the H2 area, and left and 

25 right images are not switched for both of the areas. 



An area referred as (6) in the figure is formed when the barrier 
is shifted in the HI area, is not shifted in the H2 area, and left 
and right images are switched for both areas. In the (6) area, 
5 an area capable of perceiving a right eye image passing through 
Rl' from the HI area and an area capable of perceiving a right 
eye image passing through LI from the H2 area are overlapped. 

An area referred as (7) in the figure is formed when the barrier 
10 is not shifted in the HI area, is shifted in the H2 area, and left 
and right images are switched for both of the areas. In the (7) 
area, an area capable of perceiving a right eye image passing 
through LI from the HI area and an area capable of perceiving 
a right eye image passing through LI' from the H2 area are 
15 overlapped. 

An area referred as (8) in the figure is formed when the barrier 
is shifted in the HI area, is not shifted in the H2 area, and left 
and right images are switched only for the HI area. In the (8) 
20 area, an area capable of perceiving a right eye image passing 
through LI' from the HI area and an area capable of perceiving 
a right eye image passing through R2 from the H2 area are 
overlapped. 
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The above four types of combination (5)-(8) includes factors 
such that the liquid crystal display panel is divided into two 
areas (HI, H2), whether left and right images are switched or 
not and whether the barrier is shifted or not in each of the 
5 areas when the head position of the viewer 2 is out of the 
optimum viewing position backward. Combinations of whether 
left and right images are replaced or not in each of the areas 
(HI, H2) in an area of (1) to (13) and whether the barrier is 
shifted or not in each of the areas (HI, H2) are shown in Table 
10 1 below. A right eye image is securely supplied to the right eye 
of the viewer 2 and a left eye image is mostly introduced in a 
left eye by the control shown in Table 1. 

[Table 1] 

15 For supplying a right eye image when the head of the viewer is 
in a position backward out of the optimum position. 
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From an initial position, O ; shifting, @ ; replacing left and 
right eye images, — ; no change 



As the viewer is apart from the optimum viewing position 
5 backward, a distance between an area capable of perceiving a 
right eye image and an area capable of perceiving a left eye 
image is greater. However, the distance is almost the same as 
the distance between pupils of the viewer and a stereoscopic 
image is perceivable in considerably broad areas. When the 

10 distance is out of the distance between pupils of the viewer, 
control may be conducted by corresponding to a dominant eye. 
That is, when a dominant eye of the viewer 2 is right, the above 
control may be conducted depending on which area (1)-(13) the 
right eye is so that a right eye image is securely supplied to 

15 the right eye of the viewer 2 and a left eye image is supplied to 
the left eye of the viewer 2. 

[Dividing a liquid crystal display panel into two areas] 
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(A head position of the viewer 2 is out of an optimum viewing 
position forward) 

Fig. 17 illustrates that the barrier is shifted in the HI area of 
the display la with the shading means, the barrier is not 
5 shifted in the H2 area, and the left and right images are not 
switched in both of the areas. In this case, a right eye image 
passing through Rl' from the HI area is perceived in a square 
indicated with a bold line on a left side of the figure, and a 
□ right eye image passing through Rl from the H2 area is 

10 perceived in a square indicated with a broken bold line on a 
left side of the figure. Therefore, a right eye image is 

■ ^ 

perceivable simultaneously from both the HI and H2 areas in a 
% shaded area indicated in the figure. A left eye image passing 

^ through LI' from the HI area is perceived in a square indicated 

15 with a bold line on the right side of the figure, and a left eye 
image passing through LI from the H2 area is perceived in a 
square indicated with a broken bold line on a right side of the 
figure. Therefore, a left eye image is perceivable 
simultaneously from both the HI and H2 areas in a checked 
20 area indicated in the figure. 

Fig. 18 illustrates an area capable of perceiving a right eye 
image from the HI and H2 areas simultaneously indicated with 
an outline polygon of a bold line. An area referred as (5) in the 
25 figure is formed when the barrier is shifted in the HI area, is 
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not shifted in the H2 area, and left and right images are not 
replaced in both of the areas. 

An area referred as (6) in the figure is formed when the barrier 
is not shifted in the HI area, is shifted in the H2 area, and left 
and right images are replaced only for the HI areas. In the (6) 
area, an area capable of perceiving a right eye image passing 
through LI from the HI area and an area capable of perceiving 
a right eye image passing through Rl' from the H2 area are 
overlapped. 

An area referred as (7) in the figure is formed when the barrier 
is shifted in HI area, is not shifted in the H2 area, and left 
and right images are switched for both areas. In the (7) area, 
an area capable of perceiving a right eye image passing through 
LI' from HI area and an area capable of perceiving a right eye 
image passing through LI from H2 are overlapped. 

An area referred as (8) in the figure is formed when the barrier 
is not shifted in the HI area, is shifted in the H2 area, and left 
and right images are switched only for the H2 area. In the (8) 
area, an area capable of perceiving a right eye image passing 
through R2 from the HI area and an area capable of perceiving 
a right eye image passing through LI' from the H2 area are 
overlapped. 



The above four types of combination (5)-(8) of that the liquid 
crystal display panel is divided into two areas (HI, H2), 
whether left and right images are switched or not and whether 
5 the barrier is shifted or not in each of the areas when the head 
position of the viewer 2 is out of the optimum viewing position 
forward are listed. Combinations of whether left and right 
images are switched or not in each of the areas (HI, H2) in an 
area of (1) to (13) and whether the barrier is shifted or not in 
10 each of the areas (HI, H2) are shown in Table 2 below. A right 
eye image is securely supplied to the right eye of the viewer 2 
and a left eye image is mostly introduced in a left eye by 
control shown in Table 2. . 

15 [Table 2] 

For supplying a right eye image when the head of the viewer is 



in a position forward out of the optimum position. 
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From an initial position, O ; shifting, @ ; replacing left and 
right eye images, — ; no change 



As the viewer is apart from the optimum viewing position 
forward, a distance between an area capable of perceiving a 
right eye image and an area capable of perceiving a left eye 
image is greater. However, the distance is almost the same as 
the distance between pupils of the viewer and a stereoscopic 
image is perceivable in considerably broad areas. When the 
distance between the two areas is out of the distance between 
pupils of the viewer, control may be conducted by 
corresponding to a dominant eye. That is, when a dominant eye 
of the viewer 2 is right, the above control may be conducted 
depending on in which area (1)-{13) the right eye is so that a 
right eye image is securely supplied to the right eye of the 
viewer 2 and a left eye image is mostly supplied to the left eye 
of the viewer 2. 



In Fig. 19, an area capable of perceiving a right eye image from 
both of the HI and H2 areas simultaneously in Fig. 16 and an 
area capable of perceiving a right eye image from both of the 
HI and H2 areas in Fig. 18 are indicated as a gray area. In Fig. 
19, an area indicated with a bold line is an area capable of 
supplying a normal image (the panel is not divided). When the 
viewer 2 is in an area capable of supplying image in the bold 
line area, a normal control (an area is not divided) is 
conducted, and when the viewer 2 is out of the area, a control 
for dividing the panel is conducted. When the viewer 2 is in PI 
area shown in Fig. 20, a normal control (an area is not divided) 
is conducted and the viewer 2 is out of PI area, the above 
control for dividing the panel may be conducted. 

[Dividing a liquid crystal display panel into three areas] 
(A head position of the viewer 2 is out of an optimum viewing 
position backward) 

Fig. 2 1 illustrates that the barrier is not shifted in the H2 area 
of the display la with the shading means, the barrier is shifted 
in the HI and H3 areas, and the left and right images are 
switched only for the HI area. In this case, a right eye image 
passing through LI' from the HI area is perceived in a square 
indicated with a bold line on the left side of the figure, and a 
right eye image passing through R2 from H2 area is perceived 
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in a square indicated with a broken bold line on a left side of 
the figure, and a right eye image passing through R2' from H3 
area is perceived in a square indicated with a dotted bold line. 
Therefore, a right eye image is perceivable simultaneously from 
the HI, H2, and H3 areas in a shaded area indicated in the 
figure. A left eye image passing through R2' from the HI area is 
perceived in a square indicated with a bold line on the right 
side of the figure, and a left eye image passing through L2 from 
H2 area is perceived in a square indicated with a broken bold 
line on a right side of the figure, and a left eye image passing 
through L2' from the H3 area is perceived in a square indicated 
with a dotted bold line. Therefore, a left eye image is 
perceivable simultaneously from the HI, H2, and H3 areas in a 
shaded area indicated in the figure. 

Fig, 22 illustrates an area capable of perceiving a right eye 
image from the HI, H2, and H3 areas simultaneously is 
indicated with a polygon of a bold line. An area referred as (8) 
in the figure is formed when the barrier is shifted in the HI 
and H3 areas, is not shifted in the H2 area, and left and right 
images are replaced only in the HI area. 

Four types of combination (for example (8)-(ll)) of that the 
liquid crystal display panel is divided into three areas (HI, H2, 
H3), whether left and right images are switched or not and 



whether the barrier is shifted or not in each of the areas when 
the head position of the viewer 2 is out of the optimum viewing 
position backward are listed. Combinations of whether left and 
right images are switched or not in each of the areas (HI, H2, 
H3) in an area of (1) to (13) and whether the barrier is shifted 
or not in each of the areas (HI, H2, H3) are shown in Table 3 
below. A right eye image is securely supplied to the right eye of 
the viewer 2 and a left eye image is introduced in a left eye 
mostly by control shown in Table 3. 



[Table 3] 

For supplying a right eye image when the head of the viewer is 
in a position backward out of the optimum position. 
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From an initial position, O ; shifting, © ; replacing left and 
right eye images, — ; no change 



As the viewer is apart from the optimum viewing position 
backward, a distance between an area capable of perceiving a 
right eye image and an area capable of perceiving a left eye 
image is greater. However, the distance is almost the same as 
the distance between pupils of the viewer and a stereoscopic 
image is perceivable in considerable broad areas. When the 
distance is greater than the distance between pupils of the 
viewer, control may be conducted by corresponding to a 
dominant eye. That is, when a dominant eye of the viewer 2 is 
right, the above control may be conducted depending on which 
area (1)-(13) the right eye is in in Fig. 20 so that a right eye 
image is securely supplied to the right eye of the viewer 2 and 
a left eye image is supplied to the left eye of the viewer 2. 

[Dividing a liquid crystal display panel into three areas] 
(A head position of the viewer 2 is out of an optimum viewing 
20 position forward) 



•tsd 



Irs 



10 



15 
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Fig. 23 illustrates that the barrier is not shifted in the H2 area 
of the display la with the shading means, the barrier is shifted 
in the HI and H3 areas, and the left and right images are 
switched only in the H3 area. In this case, a right eye image 
5 passing through R2' from the HI area is perceived in a square 
indicated with a bold line on a left side of the figure, and a 
right eye image passing through R2 from H2 area is perceived 
in a square indicated with a broken bold line on a left side of 
the figure, and a right eye image passing through LI' from H3 

10 area is perceived in a square indicated with a dotted bold line. 
Therefore, a right eye image is perceivable simultaneously from 
the HI, H2, and H3 areas in a shaded area indicated in the 
figure. A left eye image passing through L2' from the HI area is 
perceived in a square indicated with a bold line on a right side 

15 of the figure, and a left eye image passing through L2 from the 
H2 area is perceived in a square indicated with a broken bold 
line on a right side of the figure, and a left eye image passing 
through R2' from H3 area is perceived in a square indicated 
with a dotted bold line. Therefore, a left eye image is 

20 perceivable simultaneously from the HI, H2, and H3 areas in a 
shaded area indicated in the figure. 

Fig. 24 illustrates an area capable of perceiving a right eye 
image from the HI, H2, and H3 areas simultaneously indicated 
25 with a polygon of a bold line. An area referred as (8) in the 
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figure is formed when the barrier is shifted in the HI and H3 
areas, is not shifted in the H2 area, and left and right images 
are switched only in the H3 area. 

Four types of combinations (for example {8)-(ll)) of that the 
liquid crystal display panel is divided into three areas (HI, H2, 
H3), whether left and right images are switched or not and 
whether the barrier is shifted or not in each of the areas when 
the head position of the viewer 2 is out of the optimum viewing 
position backward are listed. Combinations of whether left and 
right images are replaced or not in each of the areas (HI, H2, 
H3) in an area of (1) to (13) and whether the barrier is shifted 
or not in each of the areas (HI, H2, H3) are shown in Table 4 
below. A right eye image is securely supplied to the right eye of 
the viewer 2 and a left eye image is introduced in a left eye 
mostly by control shown in Table 4. 



[Table 4] 

For supplying a right eye image when the head of the viewer is 
in a position forward out of the optimum position. 
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From an initial position, O ; shifting, @ ; replacing left and 
right eye images, — ; no change 

As the viewer is apart from the optimum viewing position 
5 backward, a distance between an area capable of perceiving a 
right eye image and an area capable of perceiving a left eye 
image is greater. However, the distance is almost the same as 
the distance between pupils of the viewer and a stereoscopic 
image is perceivable in considerable broad areas. When the 
10 distance is greater than the distance between pupils of the 
viewer, control may be conducted by corresponding to a 
dominant eye. That is, when a dominant eye of the viewer 2 is 
right, the above control may be conducted depending on which 
area (1)-(13) the right eye is in in Fig. 22 so that a right eye 
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image is securely supplied to the right eye of the viewer 2 and 
a left eye image is supplied to the left eye of the viewer 2. 

Fig. 25 illustrates that areas shown in Figs. 22, 24 are added 
to Fig. 19. Blacked areas with reference numerals in the figure 
are added to an area capable of supplying a right eye image by 
the display divided into three areas. Therefore, when the head 
position of the viewer 2 is shifted in areas with the above 
reference numerals, replacement of left and right images in the 
three areas and shifting of the barrier are controlled as shown 
in Tables 3, 4. When the head position of the viewer 2 is 
shifted to an inner side from the areas with reference numerals, 
control for dividing the display surface is switched to divide 
the display surface into two areas and replacement of left and 
right images in the two areas and shifting of the barrier are 
controlled as shown in Tables 1, 2. 

[ Dividing a liquid crystal display panel into four areas ] 
Fig. 26 illustrates that the display surface is divided into four 
areas and an area capable of supplying image is enlarged 
backward from an optimum viewing position. A check area in 
the figure is an area capable of supplying a right eye image and 
a shaded area is an area capable of supplying a left eye image 
by controlling by the same principle as in cases of the above 
mentioned control when the display surface is divided into two 



or three areas, and a stereoscopic image can be perceived when 
the viewer's right and left eyes are respectively within the 
areas for supplying an image. In Fig. 27, the display surface is 
divided into four areas and an area capable of supplying an 
5 image is enlarged in back and forth directions from the 
optimum viewing position and the area capable of supplying a 
right eye image of Fig. 25 is added. As divided areas increases, 
a square arranged laterally is enlarged and an area capable of 

□ perceiving a stereoscopic image is enlarged in back and forth 

10 directions. Although a pitch between square areas is broadened 
in a back direction and is contracted in a forth direction as the 
viewer is away from the optimum viewing position, the pitch is 

iU almost the same as the distance between pupils and a 

stereoscopic image is perceivable in a considerable broad area. 

^ 15 When the pitch is shifted from the distance between the pupils, 
control may be conducted by giving priority to a dominant eye 
of the viewer 2, 

The above stereoscopic image display device ensures 
20 stereoscopic image display with a broad stereoscopic viewing 
area in both back and forth directions by dividing a display 
surface into a plurality of areas. In the mean time, when the 
shading part of the shading barrier is controlled to shift, a 
width of the shading part on a boundary of the areas becomes 
25 uniform. When the width of the shading part becomes uniform 
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in the boundary part, luminescent lines and black lines may be 
observed depending on a position of the viewer. This situation 
is explained hereinafter. 

Fig. 28 is a schematic view illustrating that the viewer 2 
observes pixels 20L1, 20L2, and 20R2 on the liquid crystal 
panel 20 through apertures 151, 152 of the shading barrier 10 
from an optimum position. In this case, when a right eye 2R of 
the viewer 2 watches a center part of the pixel 20L1 through 
the aperture 151, the viewer 2 also watches the pixel 20L2 
through the aperture 152. Therefore, when the viewer 2 shifts 
in left and right directions, the viewer 2 can not look at the 
two pixels because the two pixels also shifts and are hidden by 
the shading part. Thus, if a boundary of the divided areas is in 
this position, a difference of a timing in replacing left and right 
images and shifting the shading part 150 is not generated, and 
it can not be distinguished from a case that a whole shading 
part 150 shifts simultaneously. 

On the other hand, as shown in Fig. 29, for example when the 
viewer observes a center part of the pixel 20L1 through the 
aperture 151 from a position closer than the optimum position, 
the viewer also watches an end of the pixel 20L2 through the 
aperture 152. When the viewer shifts in left and right 
directions in this case, timings for hiding the two pixels to the 



shading part 150 are different and the appearance is different. 
If a boundary of the divided areas is in this position, 
differences of shifting of the shading part 150 and tiraings of 
replacing left and right images are generated, and it is required 
to select a fully optimum condition as compared with the case 
that the whole shading part shifts simultaneously. 

As described above, the timings of shifting of the shading part 
150 and replacement of left and right images on right and left 
sides of the boundary are different with respect to shifting of 
the viewer. This is illustrated in Figs. 30, 31. In Figs. 30, 31, 
left and right shading parts are separately controlled by letting 
the aperture 151 a boundary. That is, the shading parts 150B 
and 150C shift simultaneously, and the shading part 150A 
shifts separately from the shading pfti}ti ^l50B and 1 50 g^ Two 
lines extended from the pixel indicates a direction of light 
beams from a pixel for a left eye but does not indicate that a 
left eye is ahead of the light beam. 

Fig. 30 illustrates an example that the viewer shifts to the left 
in a position closer than the optimum viewing distance, and 
the shading part on a right side of the boundary 151 shifts 
first. Explanation for a case when the viewer shifts to the left 
side orderly is made in accordance with Figs. 30(a), (b), - (h). 
When the viewer shifts to the left, the state shifts from Fig. 



30(a) to Fig. 30(h), and when the viewer shifts to the left 
further, the state returns to Fig. 30(a). 

In Fig. 30(a), the pixel are normally observed through the 
aperture 15 1. Then when the viewer shifts to the left, the 
shading parts 150B, 150C shift to the left as shown in Fig. 
30(b). The aperture 151 is narrow and the viewer has a 
difficulty in watching the pixel and a black line is perceived 
from the viewing position. When the viewer shifts to the left 
further, the shading part 150A shifts and returns to a normal 
condition as shown in Fig. 30(c). 

When the shading parts 150B and 150C return to the original 
positions as shown in Fig. 30(d), the pixels 20L2, 20R2 are 
replaced at the same time. In these positions, the aperture 151 
becomes broad and a luminescent line is observed from the 
viewing position. In Fig. 30(e), the pixels 20L1 and 20R1 are 
replaced and the shading part 150A returns to the original 
normal position. 

In Fig. 30(f), the shading parts 150B, 150C shift again and the 
aperture 151 becomes narrow, thus the black line is observed. 
In Fig. 30(g), the shading part 150A shifts to a normal viewing 
position. In Fig. 30(h), the shading parts 150B, 150C return to 
the original positions and the pixels 20L2, 20R2 are replaced 



to return to the original positions. In these positions, the 
aperture 151 becomes broad and the luminescent line is 
observed from the viewing position, then, returns to the state 
shown in Fig. 30(a). 

Fig. 31 illustrates an example that the viewer shifts to the left 
in a position farther than the optimum viewing position. The 
shading part on a left side of the boundary 151 shifts first. 
Figs. 31(a), (b) (h) illustrate when the viewer shifts to the 
left sequentially. The shifting of the shading parts starts from 
Fig. 31(a) and shifts orderly to Fig. 31(h), and the viewer shifts 
to the left further, the shading parts returns to the state of Fig. 
31(a). In these cases, as shown in Figs. 30, the width of the 
aperture 151 changes and the luminescent line and the black 
line are observed. 

Fig. 32 is a perspective view illustrating the transparent 
electrode in a structure of a boundary part between the divided 
areas of the shading barrier 10 shown in Fig. 13. Fig. 33 is a 
structure of the transparent electrodes divided into groups. 
The transparent electrodes 45al, 45a2, 45bl, and 45b2 are 
categorized into different groups and each of the groups are 
collected with lateral electrodes in upper or lower areas. These 
electrodes are separately controlled by every group. 
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An alternating voltage of OV or a square wave is applied to the 
transparent electrode 45al, 45a2, 45bl, and 45b2 of the panel, 
and a voltage of OV is applied to the transparent electrode 44 
constantly. Then liquid crystals on an upper part of the 
5 transparent electrodes applied with the alternating voltage are 
aligned and a polarization axis is not rotated. Therefore, light 
incident to this part does not pass through the polarizing plate 
42 1 and this part serves as the shading part together with the 
continuous shading part 46. 

10 

Normally the transparent electrodes 45al and 45b 1 form a pair 
to operate. When an alternating voltage is applied to the 
electrode 45al, a voltage of OV is applied to the electrode 45bl. 
When the alternating voltage is applied to the electrode 45bl, a 

15 voltage of OV is applied to the electrode 45al. The transparent 
electrodes 45a2 and 45b2 form a pair to operate. When an 
alternating voltage is applied to the electrode 45a2, a voltage 
of OV is applied to the transparent electrode 45b2, When an 
alternating voltage is applied to the electrode 45b2, a voltage 

20 of OV is applied to the electrode 45a2. A position of the 
shading part can be changed by changing a transparent 
electrode to be applied with a voltage. 



In the above Figs. 30 and 3 1, 
25 groups as shown in Figs, 32, 



the electrodes are divided into 
33. The transparent electrodes 
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45al, 45a2, 45bl, and 45b2 are categorized into different 
groups. Each of the groups is collected with the electrodes in a 
horizontal direction on an upper or lower part of the areas. 
These electrodes are separately controlled by every group. 

5 

When the electrodes are divided into the groups, a width of the 
aperture 151 changes and luminescent lines or black lines may 
be observed. The following embodiment divides the shading 
barrier into at least two areas and controls so that a width of 
10 the aperture on the boundary part of each of the areas of the 
shading barrier 10 (a parallax barrier) to be controlled 
separately does not change. Such the control prevents 
generation of luminescent lines and black lines. 

15 As shown in Fig. 34, when forming the transparent electrodes, 
the transparent electrode for indicating before and after the 
shifting of the shading part 150 may be formed so as to belong 
to adjacent separate groups so that a width of the aperture on 
the boundary part of each of the areas does not change. 

20 

Explanation is made on this embodiment by referring to Figs. 
35, 36. In Figs. 35, 36, left and right side apertures are 
separately controlled, letting the shading part 150B as a 
boundary. Therefore widths of the apertures 151, 152 do not 
25 change. In order to control in such the manner, the 
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transparent electrodes for indicating before or after shifting of 
the shading part 150B may be formed so as to belong to 
separate adjacent groups when forming the transparent 
electrodes . 

5 

Fig, 35 illustrates an example that the viewer shifts to the left 
in a position closer than the optimum viewing position. The 
aperture 152 on a right side of the boundary 150B shifts first, 
w Explanation is made in accordance with Figs. 35(a), (b) (h) 

=jn 10 when the viewer shifts to the left sequentially. The shading 
[;5 part shifts to the left from Fig. 35(a) to Fig. 35(h), and the 

i*^ shading part shift to the left further, the state returns to Fig. 

ji^^ 3 5(a) again. 

: xd 

Q 15 In Fig. 35(a), pixels are normally observed through the 
apertures 151, 152. When the viewer shifts to the left, the 
aperture 152 shifts to the left as shown in Fig. 35(b). At that 
time, although a width of the aperture 152 does not change 
and a width of the shading part 150B becomes little narrow, 
20 the pixels are observed almost normally. 

In Fig. 35(c), the aperture 151 shifts. In this state, normal 
viewing is achieved. In Fig. 35(d), a width of the aperture 152 
does not change and normal viewing is achieved. The pixels 
25 20R2 and 20L2 are replaced. 



In Fig. 35(e), the pixels 20R1, 20L1 are replaced and the 
shading part 150A returns to the original state and normal 
viewing is achieved. 

5 

In Fig. 35(f), the aperture 152 shifts again but a width of the 
aperture does not change and the normal viewing is achieved. 
In Fig. 35(g), the shading part 150A shifts but a width of the 
aperture does not change and the normal viewing is achieved. 
10 In Fig. 35(h), the aperture returns to the original position and 
the pixels 20L2 and 20R2 are replaced and return to the 
original positions. In these positions, the width of the aperture 
152 does not also change and the normal viewing is achieved. 
Then the positions return to the position of Fig. 35(a). 

15 

Fig. 36 illustrates an example that the viewer shifts to the left 
in a position farther than the optimum viewing position. The 
aperture 151 on a left side of the boundary 150B shifts first. 
Explanation is made in accordance with Figs. 36(a), (b)* (h) 
20 when the viewer shifts to the left sequentially. The shading 
part shifts to the left from Fig. 36(a) to Fig. 36(h), and the 
shading part shift to the left further to return to the state in 
Fig. 36(a) again. 
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In Fig. 36(a), pixels are normally observed through the 
apertures 151, 152. When the viewer shifts to the left, the 
aperture 151 shifts to the left as shown in Fig. 36(b). At that 
time, although a width of the aperture 152 does not change 
and a width of the shading part 150B becomes little broader, 
the pixels are observed almost normally. 

In Fig. 36(c), the aperture 152 shifts. In this state, normal 
viewing is achieved. In Fig. 36(d), the aperture 151 shifts. A 
width of the aperture 152 does not change and normal viewing 
is achieved. The pixels 20R1 and 20L1 are replaced. 

In Fig. 36(e), the aperture 152 shifts, the pixels 20R2, 20L2 are 
replaced, and the shading part 150A returns to the original 
state and normal viewing is achieved. 

In Fig. 36(f), the aperture 152 shifts again but a width of the 
aperture does not change and normal viewing is achieved. In 
Fig. 36(g), the aperture 152 shifts but the width of the 
aperture does not change and normal viewing is achieved. In 
Fig, 36(h), the aperture returns to the original position and the 
pixels 20L1 and 20R1 are replaced and returns to the original 
positions. In these positions, the width of the aperture 151 
does not also change and normal viewing is achieved. Then the 
positions returns to Fig. 36(a). 



In order not to change a width of the aperture on a boundary 
part, as shown in Fig. 34, the transparent electrodes 15cl, 
15c2 may be divided into groups so as to belong to a same 
group. In this case, the transparent electrode 15cl does not 
form a pair with the electrode 15al but forms with the 
electrode 15a2 to form the aperture. When an alternating 
voltage is applied to the transparent electrode 15c2, a voltage 
of OV is applied to the transparent electrode 15cl. When the 
alternating voltage is applied to the transparent electrode 15cl, 
the voltage of OV is applied to the transparent electrode 15c2. 
Controlling so as not to change the aperture on the boundary 
part is achieved by changing the transparent electrode to be 
applied with a voltage. 

The above explanation is only about stereoscopic viewing 
(supplying a stereoscopic image), a partial two-dimensional 
image display is possible by opening the barrier for either of 
the divided areas (total transmission; in this case, all the 
shading part is structured by liquid crystal shutters) and 
displaying a normal two-dimensional image on an area of the 
liquid crystal display panel corresponding to the area. Needless 
to say, it is possible to display a two-dimensional image on the 
whole areas. 




As described above, a stereoscopic image display device 
according this invention ensures stereoscopic viewing even in a 
position apart from an optimum position in back and forth 
directions by dividing shading means into areas in a horizontal 
5 direction and controlling shifting of the shading part in each of 
the areas depending on a head position of a viewer. In addition, 
the stereoscopic image display device securely ensures 
stereoscopic view from any position of the viewer by dividing a 
display part of an image display means depending on division 

10 into areas of the shading means and controlling a display order 
of a left eye image and a right eye image in stripe shapes in 
each of the areas depending on a head position of the viewer. 
The viewer can view a stereoscopic image even in a position 
considerably apart from the optimum position in back and 

15 forth directions by increasing the number of areas to be 
divided. 

Although the present invention has been described and 
illustrated in detail, it is clearly understood that the same is 
20 and example only and is not to be taken by way of limitation by 
way of illustration, the spirit and scope of the present 
invention being limited only by the terms of the appended 
claims. 
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